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1

SYSTEM AND METHOD FOR CHANGING
THE RELATIVE SIZE OF A DISPLAYED
IMAGE

TECHNICAL FIELD

The present invention generally relates to 1image display

systems and methods and, more particularly, to a system and
method for changing the relative size of a displayed 1mage.

BACKGROUND

Various charts are available for pilot use when maneuver-
ing an aircrait from the en route environment down to an
airport runway. These charts include, among other things,
altitude and heading data that the pilot uses to maneuver and
land the aircraft. A separate chart may be provided for each
runway at each airport. In many instances, these charts are
implemented as paper, or “hard copies,” that the pilot can
strap to the aircrait yoke, for use during aircraft landing.
These charts can be heavy and voluminous, and may addi-
tionally be subject to periodic updates, which can result in
time-consuming labor to ensure pilots have the most recent
charts. Thus, many of these charts have been converted into
clectronic chart files and stored in a chart database. The charts
may then be retrieved from the database and displayed on one
or more display screens 1n an aircraft cockpit.

Presently, most aircraft that use an electronic chart data-
base are equipped with a separate, dedicated chart display
system that includes appropriate viewer software. Unfortu-
nately, the screen resolution of such chart displays 1s, in most
instances, not as good as what 1s provided from the paper
charts. Thus, when a chart 1s displayed 1t may need to be
magnified or “zoomed in on,” to improve the readability of the
clectronic charts on the chart display. To facilitate this func-
tionality, the chart display system 1n many aircrait includes
appropriate software and one or more user input devices such
as, for example, a cursor control device (CCD) and a zoom
knob, that allows a pilot to zoom 1n (and back out) on selected
portions of a displayed chart.

With the zoom methods presently implemented 1n most
aircraft chart display systems, the object of interest to be
zoomed 1n on 1s first moved to the center of the display screen,
and 1s then zoomed 1n on. In one embodiment, once the pilot
identifies the object of interest to zoom 1n on, the pilot then
positions the cursor on or near one of the edges of the display
screen. When the cursor 1s placed on the display screen edge,
a graphical scroll interface 1s displayed and, once the CCD
receives an appropriate user input (e.g., a button 1s “clicked™),
the chart may be scrolled 1n various directions. Once the scroll
interface 1s displayed, the object of interest 1s then moved to
the center of the display screen using the CCD or other user
interface. Thereatfter, the zoom knob is turned until the
desired magnification level 1s achieved.

In another zoom method embodiment, the pilot first places
the cursor over the object of interest, and supplies an appro-
priate user mput to the CCD. Upon receipt of the user mput,
a menu 1s displayed that includes various selectable options.
One of the selectable options 1s a “Center Chart” option,
which, upon selection using the CCD, moves the entire chart
so that the object of 1interest 1s positioned at the center of the
display area. Thereafter, the zoom knob 1s turned until the
desired magnification level 1s achieved.

Although the chart image displays and the above-described
zoom methods are generally sate and reliable, and result 1n
the zoom object being centered 1n the display area, each
suifers certain drawbacks. For example, each of the above-
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described methods can result 1n relatively large amounts of
display space (up to 75%) being unused during the zoom
process. These methods frequently involve multiple steps to
get the desired 1mage displayed, which can be time consum-
ing. A significant amount of processing time and resources
can also be used in implementing these methods. Moreover,
the methods can result in orientation difficulties when
zoomed 1n.

Accordingly, 1t 1s desirable to provide a chart display sys-
tem and method for displaying and zooming charts that does
not result in unused display space during zooming, and/or
does not mvolve multiple steps, and/or does not use signifi-
cant amounts ol processing time and/or resources, and/or
does not result 1 orientation difficulties. The present mven-
tion addresses one or more of these needs. Furthermore, other
desirable features and characteristics of the present invention
will become apparent from the subsequent detailed descrip-
tion and the appended claims, taken 1n conjunction with the
accompanying drawings and the foregoing technical field and
background.

BRIEF SUMMARY

The present invention provides a display system and a
method of changing the relative size of images displayed in
the display system. The system and associated method uses
the entire display space during zooming, and minimizes mul-
tiple user mputs. Moreover, the system and method provide
appropriate image orientation cues to a user while the size of
the displayed 1mage 1s being changed.

In one embodiment, and by way of example only, 1n a
display including one or more edges that define a display area
in which at least a portion of an 1mage 1s displayed, a method
of changing the relative size of the image includes selecting a
zoom point 1n the displayed image, which corresponds to a
point in the displayed image that 1s to be zoomed. The relative
s1ze ol the zoom point 1s changed while the zoom point 1s
translated along a substantially straight zoom line that passes
through the zoom point and extends between a central point in
the display area and an edge point on the display area that 1s
closest to the zoom point.

In another exemplary embodiment, a display device
includes a user imput device, a display screen, and a processor.
The user mput device 1s operable to recetve user mput and
supply one or more command signals. The display screen has
one or more edges that define an 1mage display area 1n which
a displayed image may be rendered. The processor 1s coupled
to receive the commands from the user mput device and 1s
operable, 1n response thereto, to: (1) select a zoom point 1n the
displayed image that corresponds to a point 1n the displayed
image that 1s to be zoomed; and (11) change the relative size of
the zoom point while translating the zoom point along a
substantially straight zoom line that passes through the zoom
point and extends between a central point in the display area
and an edge point on the display area that 1s closest to the
Zoom point.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will hereinafter be described 1n con-
junction with the following drawing figures, wherein like
numerals denote like elements, and wherein:

FIG. 1 1s a block diagram of an exemplary display system
that may be used to display images, such as aircraft-related
charts;

FIG. 2 1s an exemplary display screen that may be used 1n
the system of FIG. 1, which shows the overall layout of the
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display screen, and on which 1s displayed an 1image of a chart
that may be used by pilots during airport approach;

FIGS. 3A and 3B together form a flowchart that depicts the
an exemplary embodiment of the process implemented by the
system of FIG. 1 to change the relative size of an 1image that
1s displayed on the display screen of FIG. 2;

FIGS. 4-12 are exemplary display screens that may be used
in the system of FIG. 1, on which 1s displayed an 1image of a
chart that may be used by pilots during airport approach, and
with the displayed image being shown at ever-increasing
levels of magnification;

10

FIGS. 13-19 are simplified representations of the display
screen shown in FIG. 2 that show how a displayed 1mage 1s
enlarged based on different selected points in the 1mage; 13

FIGS. 20-25 are similar to FIGS. 4-12, but with the dis-
played image being shown at ever-decreasing levels of mag-
nification;

FIGS. 26-30 are similar to FIGS. 20-25, and depict the
operation of the system when a new zoom point 1s selected 20
following 1mage enlargement to a maximum magnification
level, and 1s then subsequently reduced;

FIGS. 31-34 are simplified representations of the display
screens shown 1n FIGS. 26-30, but depict the operation of the
system according to an exemplary embodiment, when the
image 1s enlarged to a magnification level below the maxi-
mum level, and a new zoom point 1s selected and subse-
quently enlarged; and

FIGS. 35 and 36 are similar to FIGS. 31-34, but show the
operation of the system in accordance with alternative
embodiment, when the 1image 1s enlarged to a magnification
level below the maximum level, and a new zoom point 1s
selected and subsequently enlarged.
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DETAILED DESCRIPTION .

The following detailed description 1s merely exemplary in
nature and 1s not intended to limit the invention or the appli-
cation and uses of the invention. Furthermore, there 1s no 4,
intention to be bound by any expressed or implied theory
presented 1n the preceding technical field, background, brief
summary or the following detailed description. In this regard,
although the system and methodology are described as being
implemented in an aircrait environment, and used for display- 45
ing, and changing the depicted size of, aircraft-related charts,
it will be appreciated that the system and method could be
implemented 1n various other end-use environments that
include various types of displays including, but not limited to,
various types ol automotive, spacecrait, watercrait, home, 5,
and office environments.

Turning now to the description, and with reference to FIG.
1, an exemplary display system will be described. The display
system 100 1includes a user interface 102, a processor 104, an
image database 106, and adisplay 108. The user interface 102 55
1s 1n operable communication with the processor 104 and 1s
configured to recerve mput from a user 109 (e.g., a pilot) and,
in response to the user input, supply command signals to the
processor 104. The user interface 102 may be any one, or
combination, of various known user interface devices includ- 60
ing, but not limited to, a cursor control device (CCD) 110,
such as a mouse, a trackball, a touchpad, a force-rate trans-
ducer, or joystick, and one or more buttons, switches, or
knobs. In the depicted embodiment, the user interface 102
includes a CCD 110 and a zoom control knob 112. As will be 65
described more fully below, the user 109 uses the CCD 110 to,

among other things, move a cursor symbol on the display

4

screen (not shown 1n FIG. 1), and the zoom control knob 112
to selectively change the relative size of an 1image displayed
on the display screen.

The processor 104, as was just noted, 1s 1n operable com-
munication with, and recerves user input commands from, the
user interface 102. The processor 104 1s additionally 1n oper-
able communication with the image database 106, and with
the display 108. The processor 104 recerves the user input
commands supplied from the user interface 102 and 1s con-
figured, 1n response to these user input commands, to selec-
tively retrieve images from the image database 106 and dis-
play the retrieved images on the display 108. The processor
104 1s additionally configured, 1n response to the user input
commands, to selectively change the relative size of the dis-
played image.

The processor 104 may be any one of numerous known
general purpose microprocessors or an application specific
processor that operates in response to program instructions.
In the depicted embodiment, the processor 104 includes on-
board RAM (random access memory) 116, and on-board
ROM (read only memory) 118. The program instructions that
control the processor 104 may be stored 1n either or both the
RAM 116 and the ROM 118. For example, the operating
system software may be stored in the ROM 118, whereas
various operating mode soitware routines and various opera-
tional parameters may be stored in the RAM 116. It will be
appreciated that this 1s merely exemplary of one scheme for
storing operating system soiftware and software routines, and
that various other storage schemes may be implemented. It
will also be appreciated that the processor 104 may be imple-
mented using various other circuits, not just a programmable
processor. For example, digital logic circuits and analog sig-
nal processing circuits could also be used.

The image database 106 includes data representative of
various 1mages. In the depicted embodiment, the image data
1s representative of various flight-related charts and textual
data. In particular, the 1image data is representative of various
airport approach charts and associated text. It will be appre-
ciated that, although the image database 106 1s, for clarity and
convenience, shown as being stored separate from the pro-
cessor 104, the database 106 could be loaded into the on-
board RAM 116, or the database 106 could be integrally
formed as part of the processor 104, and/or RAM 116, and/or
ROM 118. The image database 106 could also be part of a
device or system that 1s physically separate from the display
system 100.

The display 108 1s used to display 1mages stored in the
image database 106, and to supply visual feedback to the user
109 1n response to the user input commands supplied by the
user 109 to the user interface 102. It will be appreciated that
the display 108 may be any one of numerous known displays
suitable for rendering 1mage and/or text data for viewing by
the user 109. Non-limiting examples of such displays include
various cathode ray tube (CRT) displays, and various flat
panel displays, such as various types of LCD (liquid crystal
display) and TFT (thin film transistor) displays. To provide a
more complete description of the method that 1s implemented
by the display system 100 to change the relative size of the
images displayed on the display 108, a brief general descrip-
tion of the display 108 and 1ts layout will now be provided.

With reference to FIG. 2, 1t seen that the display 108
includes a display area 202 1n which an image 204 is dis-
played and viewed. In the depicted embodiment, the display
area 202 1s substantially square, and includes four display
area edges 206a-d. The display area 202 1s divided into four
substantially equal quadrants 208a-d by two imaginary lines
that intersect at a central point 210 1n the display area 202. In
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particular, an imaginary horizontal line 212 extends between
a midpoint 214a of the first display area edge 2064 and a
midpoint 214¢ of the third display area edge 206¢. Similarly,
an 1maginary vertical line 216 extends between a midpoint

214b ol the second display edge 2065 and a midpoint 214d of 5

the fourth display area edge 206d. It should be appreciated
that, although a substantially square display area 202 1s
described and depicted, since such a shape 1s preferred, other
display area shapes could also be used.

As F1G. 2 also illustrates, the displayed image 204 may be
of a size and/or resolution such that the entire 1mage 204
cannot be simultaneously viewed 1n the display area 202. In
such instances, the image 204 includes a viewable section 218
that 1s presently viewable 1n the display area 202, and one or
more non-viewable sections 220 (shown 1n phantom) that are
presently not viewable 1n the display area 202. Thus, the
display system 100 preferably implements an image scroll
tfunction, which allows the displayed image 204 to be scrolled
in either, or both, the horizontal and vertical directions, so that
some or all of the viewable section 218 becomes non-view-
able and, vice-versa, some or all of the non-viewable sections
220 become viewable. The scroll function implemented by
the display system 100 may be any one of numerous scroll
functions known in the art. The display system 100 also
causes a cursor symbol 222 to be selectively displayed 1n the
display area 202. The cursor symbol 222 may be moved using
the CCD 110.

The display system 100 allows an operator such as, for
example, the pilot 109, to change the relative size of the
displayed image 204. The overall process 300 implemented
by the system 100 to change the relative size of the displayed
image 204 1s illustrated 1in flowchart form 1 FIGS. 3A and
3B, and will now be described 1n detail. In doing so, reference
should be made, as appropriate, to FIGS. 1, 2, and 4-12, 1n
combination with FIGS. 3A and 3B. Moreover, 1t will be
appreciated that the parenthetical references in the following
description refer to like reference numerals 1n the flowchart.
Moreover, as was previously noted, although the example
depicted and described below relates to airport approach
charts 1n an aircrait environment, 1t will be appreciated that 1t
could be implemented 1n various environments, including
other aircraft systems and numerous non-aircrait end-use
environments.

Turning first to FIG. 4, the image 204 that 1s displayed in
the display area 202 of the display 108 1s an airport approach
chart. In the depicted example, the pilot 109 is interested 1n
zooming in on a particular non-illustrated obstacle. Thus, the
pilot 109, using the CCD 110, moves the cursor symbol 222,
places 1t over this point of interest on the displayed image 204,
and selects this point as the zoom point 402 (302). In the
depicted embodiment, placing the cursor symbol 222 over a
point of interest automatically selects 1t as the zoom point
402. It will be appreciated that 1n an alternative embodiment,
additional user input may be used to select the zoom point
402. For example, clicking on a button on the CCD 110 may
be used as the additional user input. In any case, after the
zoom point 402 has been selected (302), the processor 104
determines the positions of the zoom point 402 and the visible
image edges and stores these positions in memory (304). The
reason for this will be explained more fully further below.

Turning now to FIG. 5, 1t 1s seen that once the zoom point
402 has been selected the processor 104 draws an imaginary
zoom line 504 (shown 1n phantom) that extends between the
display area central point 210 and an edge point 506 located
on the display area edge 206 that is closest to the zoom point
402, and that passes through the zoom point 402 (306). Thus,
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the first display area edge 206a, and the zoom line 504
extends between this point 506 and the central point 210. As
FIG. 5 additionally shows, the displayed image 204 includes
an 1mage edge point 508 that coincides with the display area
edge point 506. As will be clarified further below, this image
edge point 508 1s “bound” to the display area edge point 506
when the relative size of the image 204 1s being changed. In
other words, when the relative size of the image 204 1s being
changed, the position of the image point 308 that corresponds
with the edge point 506 will be maintained.

After the zoom line 504 has been drawn (306), and 1n
response to appropriate mput from the pi1lot 109 (308), such as
turning the zoom knob 112 in the appropriate direction, the
processor 104 causes a zoom symbol 502 to appear 1n the
display area 202 (310), and begins zooming in on the selected
zoom point 402 (312). As shown 1n FIGS. 6-10, which depict
the displayed image 204 at increasing levels of magnification,
as the relative size of the displayed image 204 increases, the
zoom point 402 translates along the imaginary zoom line 504
toward the central point 210 (312). It will be noted that, 1n the
depicted example, the cursor symbol 222 remains 1n 1ts origi-
nal position while the image 204 1s enlarged, unless the user
109 moves 1t using the CCD 110. However, the zoom symbol
502 moves with the zoom point 402 as 1t translates toward the
central point 210. This provides a ready means to continu-
ously determine the location of the zoom point 402 during
image enlargement. In the depicted embodiment, 1t 1s seen
that the zoom symbol 502 1s made up of two hali-circles that,
in combination, substantially surround the selected zoom
point 402. It will be appreciated that this 1s merely exemplary
ol a particular representation of the zoom symbol 502, and
that other shapes, sizes, and configurations could also be
used. It will additionally be appreciated that the processor 104
could cause the zoom symbol 502 to automatically appear
upon selection of the zoom point 402.

As was noted above, and as can be seen 1n FIGS. 6-10,
while the image 204 1s enlarging, the 1mage edge point 508
remains in 1ts 1nitial position as the size of the image 204
increases. In addition, the entire edge of the image 204 that
includes the image edge point 308 remains aligned with the
display area edge 206 (2064 1n the present example). How-
ever, the edges of the displayed image 204 that do not include
the image edge point 508 expand out of the display area 202,
and become non-viewable sections 220 (not shown 1n FIGS.
6-10). More specifically, and as illustrated most clearly 1n
FIG. 11, the image 204 i1s expanded around the image edge
point 508, and along a first directional vector 1102, a second
directional vector 1104, and a third directional vector 1106,
which together provide a resultant directional vector 1108
that coincides with the imaginary zoom line 504. This multi-
directional expansion of the image 204 around the 1image edge
point 508 gives the net effect of moving the zoom point 402
toward the central point 210, and which can be described
mathematically as:

DISTANCE, . poin=(MAG )% (DISTANCE

orginal )

where:

DISTANCE,,,,, ,oim~=distance the zoom point moves;

MAG, _ _,=magnification level in %; and

[ 1

DISTANCE =distance from edge point to zoom

Coriginal™
point at 100%;:: magnification level.

As long as the user 109 continues requesting that the image
204 be enlarged (310), the processor 104 will continue enlarg-
ing the image 204, and the zoom point 402 will continue
moving toward the central point 210 according to the above-
mentioned mathematical description (312), until one of two
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things occur. First, the processor 104 will not enlarge the
image 204 further 1f a predetermined maximum magnifica-
tion level 1s attained, even 1f the zoom point 402 has not
reached the central point 210 (318). Second, 1f the zoom point
402 reaches the central point 210 before the desired, or maxi-
mum, magnification level 1s attained (314), the zoom point
402 will remain fixed at the central point 210 for the remain-
der of the image enlargement (316). Referring momentarily

back to FIG. 10, 1t 1s seen that for the depicted example the
maximum magnification level was attamned before the
selected zoom point 402 reached the central point 210.

It was noted that above that, upon selection of the zoom
point 402, 1ts original position 1s determined and stored. One
of the reasons this 1s done 1s to determine whether the selected
zoom point 402 1s substantially collocated at a point such that
no single display area edge 206 1s the closest. For example, 1T
the zoom point 402 1s substantially collocated with the central
point 210, then each ofthe display edges 206a-d 1s equidistant
from the zoom point 402. Or, 11 the zoom point 402 1s located
along an 1imaginary line that extends from the central point
210 to a corner 224a-d (see FIG. 2) of the display area 202,
then no single display edge 206a-d 1s the closest. For the
first-mentioned case, 1n which the zoom point 402 1s located
at the central point 210, 1t will be appreciated that there 1s no
need to move the zoom point 402 toward the central point 210,
since that 1s where 1t 1s already located. In such an 1instance, as
illustrated 1n FIG. 12, the image 204 1s expanded multi-
directionally around the central point 210, along first 1202,
second 1204, third 1206, and fourth 1208 directional vectors
(316). For the latter case, in which the zoom point 402 1s
located along an imaginary line that extends from the central
point 210 to a display area corner 224, the display edge point
506 and 1mage edge point 508 are each located on the display

area corner 224, and the image 204 1s expanded as previously
described (312-318).

It was additionally noted above that portions of the dis-
played image 204 expand out of the display area 202, and
become non-viewable 220, as the image 204 1s enlarged. The
amount of the displayed image 204 that becomes non-view-
able 220 during image enlargement depends on various fac-
tors, and can also be expressed mathematically. Before pro-
ceeding with the description of the remainder of the process
300, these factors and some exemplary 1llustrations will first
be provided. Specifically, the amount of the displayed image
204 that becomes non-viewable 220 during image enlarge-
ment depends on four factors: (1) the location of the display
area edge point 506; (2) the magnitude ol the enlargement; (3)
the pre-enlargement vertical and horizontal dimensions of the
image 204; and (4) the amount of the image 204 that is
non-viewable 220 prior to 1mage enlargement.

Turning now to FIGS. 13-19, six representative examples
of image enlargements will be described. With reference first
to FIG. 13, a ssmplified representation of the display area 202,
1s provided, and includes the image 204, the central point 210,
and the imaginary horizontal 212 and vertical 216 lines. A
plurality of 1mage zoom points, specifically a first 402A, a
second 4028, a third 402C, a fourth 402D, a fifth 402E, and a
sixth 402F zoom point, are also depicted. FEach of the six
zoom points, with the exception of the fourth zoom point
402D, has an associated edge point S06A, 5068, 506C, 506F,
and 506F, and an associated 1maginary zoom line 504A,
5048, 504C, 504E, and 504F. The first zoom point 402A 1s
positioned such that its associated edge point 506 A 1s located
atthe display area corner 224a; thus, the first imaginary zoom
line 504A extends from the central point 210 to the corner

224a. As the image 204 1s enlarged, as shown 1n FIG. 14, the
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image 204 expands to the left and downward. The magnitude
of the expansion to the lett (EXP, ;) and downward
(EXP, . ) may be expressed as:

EXPfeﬁ:(MAwaef)xMIDTHCF:QF:):: and

EX Pci" oW :(MAGI evel ) X (HEIGHTChﬂFI) »

where:

MAG, . _,=magnification level 1n %:;

WIDTH , =original chart width; and

HEIGHT ,  =original chart height.

The second zoom point 4028 lies along the imaginary
vertical line 216. Hence, the second imaginary zoom line
504B extends from the central point 210 to the second edge
point S06B, and 1s aligned with the imaginary vertical line
216. As FIG. 15 shows, when the image 204 1s enlarged, 1t
expands to the left, to the right, and downward. The magni-
tude of the expansion to the lett (EXP, ), right (EXP,, ;).

and downward (EXP ) may be expressed as:

(EXPfeﬁ):(l/f?)x(MAwaef)x (WIDTH ., 4,-):
(EXPrighr):( l/z)x (MAGEE"PEE)X (WIDTHCharf); and

(EX Pcfawn) — (MAGE evel ) X (HEIGH Tr:h .:Irr) »

where:

MAG, . _,=magnification level 1n %:;

WIDTH , =original chart width; and

HEIGHT ,  =original chart height.

The third zoom point 402C lies along the 1maginary hori-
zontal line 214. Hence, the third imaginary zoom line 504C
extends from the central point 210 to the third edge point
506C, and 1s aligned with the imaginary horizontal line 214.
When the image 204 1s enlarged, as shown in FIG. 16, 1t
expands to the left, upward, and downward. The magnitude of
the expansion to the lett (EXP, ;), upward (EXP, ), and

downward (EXP ,_ ) may be expressed as:

(EXPfeﬁ) :(MAGEEVEE)X (WIDTHChHFI);

down

(EXPH;?):(%)K (MAGfevef)x (HEIGHTCF:HFI) ) and

(EXPJDWH) — (l/z)x (MAGfevef)x (HEIGHTCharr) »

where:

MAG, . _,=magnification level 1n %:;

WIDTH , _=original chart width; and

HEIGHT , =original chart height.

The fourth zoom point 402D, as shown 1n FIG. 13, coin-
cides with the central point 210. Thus, as was prekusly
mentioned, when the image 204 1s enlarged, it expands
upward, downward, to the left, and to the right. The magni-
tude of the expansion upward (EXP, ), downward
(EXP o), left (EXP, ), and right (EXP,, ,,) may be

expressed as:

righ

(EXPH;?):(%)K (MAGfevef)x (HEIGHTCF:HFI) )

(EXP ):(l’/z)x(MAGfevef)x(HEIGHTchﬂFr);

dowr

(EXPfeﬁ):(l/f?)x(MAwaef)x (WIDTH 4,,.,); and

(EXPrfghr):( l’/z)x (MAGIE*MEI)X (WIDTHcharr) ”

where:

MAG, . _,=magnification level 1n %:;

WIDTH , =original chart width; and
HEIGHT ,  =original chart height.

The fifth 402F and sixth 402F zoom points have imaginary

zoom lines S04E and 504F, respectively, that extend from the
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central point 210 to 1ts associated edge point S06E and S06F.
For the fifth zoom point 402E, as FIG. 18 shows, when the

image 204 1s enlarged 1t expands to the leit, to the nght, and

downward. The magmtude of the expansion upward to the left
(EXP;.5), the ight (EXP,, ), and downward (EXP ,,,,,,) may
be expressed as:

(EXP ) =(MAG,, . )x(WIDTH ,,,.)x(DISTANCE,
edge—ro—edgepoz’nr/WIDTdesﬁmy are-:r);

(EXP i g}rr) — (MAGE evel ) X (W

ght edge-to-edge point/ W

)TH,, . Ix(DISTANCE -
)THd’fspfay J?‘E‘J) ) and

(EXPJDWH): (MAGIWEI)X (HEIGHTCharr):

where:

MAG, . ,=magnification level in %;

WIDTH , =original chart width;

HEIGHT ,  =original chart height;
DISTANCE, 4 iee-ro-cige poin=distance from lett display

area edge to the edge point,

DISTANCE, ,.;.; cace-to-cdge poin~=distance from right dis-

play area edge to the edge point,

WIDTH ;100 ares=the width of the display area.

As shown 1n FIG. 19, for the sixth zoom point 402F, when
the image 204 1s enlarged it expands to the left, upward, and
downward. The magmtude of the expansion upward to the left
(EXP,.z), upward (EXP, ), and downward (EXP ) may be

expressed as:

(EXPfeﬁ) :(MAGEEVEE)X (WIDTHCFMH) )

(EXP,,)=(MAG,.)x(HEIGHT 5, )x(DISTANCE
edge-to-edge painr/HEIGHTdispfﬂ}, crre.:r); and

fop

(EXP. )=(MAG, . )x(HEIGHT,, Ix(DISTANCE-
botiom edge-to-edge pafut/ HEIGHTdfspfay area)?

dowrr

where:
HEIGHT , , =original chart height
DISTANCE,,, cice-t0-cige poin=distance from top window

edge to edge point,
DISTANCE , /om edge-to-cdze poin~=distance from bottom
window edge to edge point, and

HEIGHT 4,14, ores=the height of the display area.

Referring back to FIG. 3, 1t 1s seen that, at some point in time,
either before or after a desired magnification level or the
maximum magnification level 1s reached, the user 109 may
move the displayed image 204 by, for example, scrolling it
(320). The user 109 may also move the cursor symbol 222
(324). These events, and the specific processes carried out by
the system 100 will be described in more detail below. First,
however, the process implemented by the system 100 to
reduce the displayed image 204 back to 1ts pre-enlarged size,
or some 1ntermediate size (e.g., “zoom out on” the 1image),
without movement of either the image 204 (e.g., scrolling) or
the cursor symbol 222, will first be described (338).

With reference to FIGS. 20-25, which depict the displayed

image 204 at decreasing levels of magnification, it 1s seen
that, upon receipt of an appropriate command from the user
109 (336), such as turning the zoom knob 112 in the appro-
priate direction, the processor 104 begins zooming out on the
selected zoom point 402 (338). Specifically, as shown most
clearly 1n FI1G. 20, the processor 104 reduces the relative size
of the displayed image 204. Since, as was noted above, the
processor 104 determines and stores the position of the zoom
point 402 before the image 204 1s enlarged (304), when the
image 204 1s subsequently reduced the zoom point 402 trans-
lates toward 1ts original, or “minimum zoom,” position along
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the same 1maginary zoom line 504, but 1n the opposite direc-
tion. Similar to what occurs when the image 204 1s enlarged
(312), the cursor symbol 222 remains at its original position
while the image 204 1s reduced, unless the user 109 moves 1t
using the CCD 110. Also, the zoom symbol 502 moves with
the zoom point 402 as 1t translates toward 1ts minimum zoom
point.

As FIGS. 20-25 also show, the image edge point 508

remains in 1ts mnitial position as the size of the image 204
decreases, and the entire edge of the image 204 that includes
the 1mage edge point 508 remains aligned with the display
area edge 206a. This, too, 1s similar to what occurs when the
image 204 1s enlarged. Indeed, during image reduction, the
image 204 1s contracted around the 1image edge point 308 in a
manner similar, but opposite, to how the image 204 1s
expanded. As such, the same mathematic expressions used to
describe how the 1mage 204 expands around the image edge
point 508 may be concomitantly used to describe how the
image 204 contracts around the edge point 508, but with
opposite mathematical signs. As long as the user 109 contin-
ues supplying the reduce command (336), the processor 104
will continue reducing the image 204, at least until the zoom
point 402 reaches 1ts minimum zoom point. It was previously
noted that the processor 104, in addition to determining and
storing the position of the zoom point 402, also determines
and stores the position of the visible image edges (304). Thus,
if the image 204 1s not moved subsequent to being enlarged,
cach point 1n the image 204 will be returned to 1ts original,
pre-enlargement position, when the image 204 i1s subse-
quently reduced to the minimum zoom condition.

It was noted above that, at some point in time, either before
or after a desired magnification level or the maximum mag-
nification level 1s reached, the user 109 may either move the
displayed image 204 (320) or move the cursor symbol 222
(324). Thereatter, the image 204 may then be reduced 1n size
or, 11 the maximum magnification level has not been attained,
the 1mage 204 may be further zoomed 1n on, based on a
subsequently selected zoom point. If the displayed image 204
1s moved (320) such that some or all of the image sections that
were originally part of the non-viewable sections 220 are now
viewable sections 218, then the visible image edges at the
minimum zoom condition and concomitantly, the position of
the mimmum zoom point, have both changed. The processor
104 updates and stores these new respective pre-enlargement
(e.g., “mimmum zoom”) positions (322). As a result, when
the 1mage 204 1s subsequently reduced, each point 1n the
image 204 will be returned to 1ts new mimmum zoom posi-
tion, 1 accordance with the previously described image
reduction/contraction process.

With reference now to FIGS. 26-28, the case in which the
cursor symbol 222 1s moved after the image 204 1s enlarged to
the maximum magnification level will first be discussed. It
should be appreciated that the image 204 shown 1n FIG. 26 1s
the same as that shown in FI1G. 10. That 1s, the image 204 has
been enlarged to the maximum magnification level for the
selected zoom point 402. Thereafter, in FIG. 27, the cursor
symbol 222 1s moved to a new location on the image 204
(324), and the zoom symbol 502 1s no longer displayed (326).
The zoom symbol 502 does not reappear until a new zoom
point 2802 1s selected (328), as shown 1n FIG. 28. Once the
new zoom point 2802 1s selected (328), 1ts position 1s deter-
mined and stored (330). If the displayed image 204 were not
at the maximum magnification level already, the 1mage 204
could be further enlarged (312); this latter case will be
described further below. However, because the image
depicted 1n FIG. 28 1s at the maximum magnification level
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already, the process implemented by the system 100 to reduce
the 1mage 204 based on the new selected zoom point 2802
will now be described.

It will be appreciated that the new selected zoom point
2802 does not reside on the zoom line 504 that extends from
the display area central point 210 to the image edge point 508.
Moreover, the new zoom point 2802 does not reside on the
zoom line that would have extended from an image edge point
to the display central point 210, had the new zoom point 2802
been the originally-selected zoom point. Thus, as shown in
FIG. 29, when the size of the displayed image 204 1s subse-
quently reduced, the image 204 1s contracted such that new
zoom point 2802 translates along a new zoom line 2902 that
extends from the new zoom point 2802, through the new
zoom point’s original, pre-enlargement position 2904, to a
new 1mage edge point 2906 (332). As aresult, when the image
204 1s subsequently reduced to 1ts original, pre-enlargement
size, as shown in FIG. 30, the new zoom point 2802 1s
returned to its original position 2904.

Turning now to FI1G. 31-33, the case 1n which the displayed
image 204 1s partially enlarged, and the cursor symbol 222 1s
moved, and then a new zoom point 1s selected, and the image
204 1s turther enlarged, will now be described. For simplicity
and ease of explanation, a simplified representation of the
display area 202, similar to that depicted 1n FIGS. 13-19, will
be used. With reference first to FIG. 31, for ease of under-
standing and explanation, two zoom points and two zoom
lines are labeled on the 1mage 204. The first zoom point 3102
1s the onginally selected zoom point, and the second zoom
point 3104 1s a subsequently selected zoom point at 1ts origi-
nal (e.g., minimum zoom) position. The first zoom line 3106
1s the zoom line associated with the first zoom point 3102, and
the second zoom line 3108 is the zoom line associated w1th
the second zoom point 3104, had the second zoom point 3108
been originally selected as the desired zoom point.

As1s shown in FIGS. 32-34, after the image 204 1s partially
enlarged (FIG. 32), the user 109 moves the cursor symbol 222
(324), and the zoom symbol 502 1s no longer displayed (326)
(FIG. 33). The second zoom point 3104 1s then selected (328)
and 1ts position 1s determined and stored (330). It 1s noted that,
at this point, the second zoom point 3104 has moved, such
that 1t no longer resides on the second zoom line 3108. Thus,
in response to a subsequent enlargement command from the
user interface 102 (334), the processor 104, in one embodi-
ment, moves the second zoom point 3104 directly to the
position 1t would have been at, had the second zoom point
3104 been the origially-selected zoom point, and the image
204 had subsequently been enlarged to that magnification
level (337) (F1G. 34). Thus, in the depicted embodiment, the
second zoom point 3104 would have been positioned at the
display area central point 210 for the depicted magnification
level, had it, rather than the first zoom point 3102, been the
originally-selected zoom point.

It will be appreciated that the above-described image
enlargement process implemented by the processor 104 fol-
lowing cursor symbol 222 movement, 1s merely exemplary of
one of numerous processes that could be used. For example,
as shown 1n FIG. 35, following selection of the second zoom
point 3104, and before image enlargement begins, the image
204 could first be moved such that the second zoom point
3104 resides on the second zoom line 3108. In another exem-
plary alternative embodiment, which 1s shown most clearly in
FIG. 36, an averaging technique 1s used. More specifically,
the processor 104 draws a new 1maginary zoom line 3602,
which 1s an average of the second zoom line 3108 and a zoom
line 3604 that extends from the display area central point 210,
through the second zoom point’s present position, to the
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image area edge 206. The zoom point 3104 1s moved along
this new 1maginary zoom line 3602 as the image 204 1s
enlarged. With this latter embodiment, any jittery or jerky
motions that may be associated with the other two alternative
embodiments, 1s minimized.

The display system and the method 1t implements to
change the relative size of 1images displayed in the display
system, uses the entire display space during zooming, and
minimizes user mputs. Moreover, the system and the imple-
mented method retain proper user orientation to the image
while the size of the displayed image 1s being changed.

While at least one exemplary embodiment has been pre-
sented 1n the foregoing detailed description, 1t should be
appreciated that a vast number of vanations exist. It should
also be appreciated that the exemplary embodiment or exem-
plary embodiments are only examples, and are not intended to
limit the scope, applicability, or configuration of the invention
in any way. Rather, the foregoing detailed description will
provide those skilled 1n the art with a convenient road map for
implementing the exemplary embodiment or exemplary
embodiments. It should be understood that various changes
can be made in the function and arrangement of elements
without departing from the scope of the invention as set forth
in the appended claims and the legal equivalents thereof.

What 1s claimed 1s:

1. In a display including one or more edges that define a
display area 1n which at least a portion of an 1mage including
an 1mage edge point 1s displayed, a method of changing the
relative size of the 1image, comprising the steps of:

selecting a zoom point 1n the displayed image, the zoom

point corresponding to a point in the displayed image,
the image edge point located at a position on the display
area edge that coincides with an edge point on the dis-
play area; and

changing the relative size of the displayed image while (1)

translating the selected zoom point along a straight
zoom line that passes through the selected zoom point
and extends between a central point 1n the display area
and the display area edge point and (11) maintaining the
position of the image edge point such that the image
edge point remains coincident with the display area edge
point,

wherein, when the selected zoom point coincides with the

central point 1n the display area, the selected zoom point
does not translate while the relative size of the displayed
image 1s changing.

2. The method of claim 1, further comprising:

inhibiting any further change in relative size, and any fur-

ther translation along the zoom line, when the relative
s1ize change attains a predetermined magnitude or, when
the selected zoom point does not coincide with the cen-
tral point in the display area, the selected zoom point
reaches the central point in the display area.

3. The method of claim 1, further comprising:

while changing the relative size of the displayed image,
translating at least a portion of the displayed image out
of the display area.

4. The method of claim 1, further comprising;
displaying a zoom symbol in the display area that at least
partially surrounds the selected zoom point; and

translating the zoom symbol coincident with the transla-
tion of the selected zoom point.

5. The method of claim 4, further comprising:
displaying a cursor symbol 1n the display area; and

removing the zoom symbol from the display area when the
cursor symbol 1s moved.
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6. The method of claim 1, wherein the selected zoom point
1s translated along the zoom line from an original position to
a final position, and wherein the method further comprises:

storing data representative of at least the selected zoom

point original position.

7. The method of claim 6, further comprising;

translating the selected zoom point along a straight line

from the final position to the stored original position
when changing the relative size of the displayed image
in a manner opposite to that which 1t was originally
changed.

8. The method of claim 7, wherein the displayed image
comprises a plurality of image points, and wherein the
method further comprises:

translating each image point from an original position to a

final position when changing the relative size of the
displayed image.

9. The method of claim 8, further comprising;

storing data representative of each image point original

position.

10. The method of claim 9, further comprising:

translating each 1image point along a straight line from 1ts

final position to its stored original position when chang-
ing the relative size of the displayed image 1n a manner
opposite to that which 1t was originally changed.

11. The method of claim 1, wherein the displayed image
includes one or more sections that are not visible within the
display area, and wherein the method further comprises:

scrolling the displayed image 1n one or more directions,

whereby the original and final positions of the zoom
point and each of the image points are each changed to
updated original and final positions;

storing each of the updated positions; and

translating the selected zoom point and each 1mage point

along a straight line from its final position to 1ts stored
updated original position when changing the relative
size of the displayed image 1n a manner opposite to that

which 1t was originally changed.

12. The method of claim 1, further comprising:

selecting a new zoom point aiter changing the relative size

of the displayed image, the new zoom point having an
original position and an original zoom line associated

therewith,

wherein the new zoom point original position 1s its position
before the relative size of the displayed image was
changed, and

wherein the original zoom line 1s a straight line that passes
through the new zoom point original position and
extends between the central point 1n the display area and
a display area edge point that 1s closest to the new zoom
point.

13. The method of claim 12, further comprising;:

changing the relative size of the displayed image while
moving the new zoom point to a position 1t would have
occupied had the new zoom point been the previously
selected zoom point, and the relative size of the dis-
played image had been changed and the new zoom point
had been translated along the new zoom point original
zoom line.

14. The method of claim 12, further comprising:

moving the new zoom point from its present position to a
new position on the new zoom point original zoom line;
and

changing the relative size of the displayed image while
translating the new zoom point along the new zoom
point original zoom line.
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15. The method of claim 12, further comprising;:

moving the new zoom point from its present position to a
new position on an average zoom line; and

changing the relative size of the displayed image while
translating the new zoom point along the average zoom
line,

wherein the average zoom line corresponds to an average
of the new zoom point original zoom line and a new
zoom point zoom line, the new zoom point zoom line
passing through the new zoom point at its position prior
to the displayed image being enlarged, and extending
between the central point 1n the display area and the
display area edge point that 1s closest to the new zoom
point.

16. A display device, comprising:

a user 1terface operable to receive user mput and supply
one or more command signals;

a display screen having a display area edge that defines an
image display area 1in which a displayed image may be
rendered, the displayed image including an image edge
point located at a point on the display area edge; and

a processor coupled recerve the commands from the user
interface and operable, 1n response thereto, to (1) select a
zoom point 1n the displayed image that corresponds to a
point 1n the displayed image (1) change the relative size
of the displayed image while translating the selected
zoom point along a straight zoom line that passes
through the selected zoom point and extends between a
central point in the display area and the display area edge
point and (111) maintain the position of the image edge
point while the relative size of the displayed 1mage 1s
changing such that the image edge point remains coin-
cident with the display area edge point,

wherein, when the selected zoom point coincides with the
central point in the display area, the selected zoom point
does not translate while the relative size of the displayed
image 1s changing.

17. The system of claim 16, wherein the processor 1s fur-

ther operable to:

inhibit any further change 1n relative size, and any further
translation along the zoom line, when the relative size
change attains a predetermined magnitude or the
selected zoom point reaches the central point in the
display area.

18. The system of claim 16, wherein the processor 1s fur-
ther operable to translate at least a portion of the displayed
image out of the display area while the relative size of the
displayed image 1s changing.

19. The system of claim 16, wherein the processor 1s fur-
ther operable to:

display a zoom symbol 1n the display area that at least
partially surrounds the selected zoom point; and

translate the zoom symbol coincident with the translation
of the selected zoom point.

20. The system of claim 19, wherein the processor 1s fur-

ther operable to:

display a cursor symbol 1n the display area; and

remove the zoom symbol from the display area when the
cursor symbol 1s moved.

21. The system of claim 16, wherein the processor 1s fur-

ther operable to:

translate the selected zoom point along the zoom line from
an original position to a final position, and

store data representative of at least the selected zoom point
original position.

22. The system of claim 21, wherein the processor 1s fur-

ther operable to:
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translate the selected zoom point along a straight line from
the final position to the stored original position when
changing the relative size of the displayed image in a
manner opposite to that which 1t was originally changed.

23. The system of claim 22, wherein the displayed image
comprises a plurality of 1image points, and wherein the pro-
cessor 1s Turther operable to:

translate each 1mage point from an original position to a

final position when the relative size of the displayed
image 1s changing.

24. The system of claim 23, wherein the processor 1s fur-
ther operable to store data representative of each image point
original position.

25. The system of claim 24, wherein the processor 1s fur-
ther operable to translate each 1mage point along a straight
line from 1ts final position to its stored original position when
changing the relative size of the displayed image 1n a manner
opposite to that which 1t was originally changed.

26. The system of claim 16, wherein:

the displayed image includes one or more sections that are

not visible within the display area; and

the processor 1s further operable to:

scroll the displayed image 1n one or more directions, 1n

response to one or more command signals from the user
interface, whereby the original and final positions of the
zoom point and each of the image points are each
changed to updated original and final positions,

store each of the updated positions, and

translate the selected zoom point and each 1mage point

along a straight line from its final position to 1ts stored
updated original position when changing the relative
s1ize of the displayed image in a manner opposite to that
which it was originally changed.
27. The system of claim 16, wherein:
the processor, 1n response to the command signals, 1s Tur-
ther operable to select anew zoom point after the relative
size of the displayed image changed, the new zoom point
having an original position and an original zoom line
associated therewith:
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the new zoom point original position 1s its position belore
the relative size of the displayed image was changed;
and

the original zoom line 1s a straight line that passes through
the new zoom point original position and extends
between the central point 1n the display area and a dis-
play area edge point that i1s closest to the new zoom
point.

28. The system of claim 27, wherein the processor 1s fur-
ther operable to change the relative size of the displayed
image while moving the new zoom point to a position 1t would
have occupied had the new zoom point been the previously
selected zoom point, and the relative size of the displayed
image had been changed and the new zoom point had been
translated along the new zoom point original zoom line.

29. The system of claim 27, wherein the processor 1s fur-
ther operable to:

move the new zoom point from 1ts present position to a new
position on the new zoom point original zoom line; and

change the relative size of the displayed image while trans-
lating the new zoom point along the new zoom point
original zoom line.

30. The system of claim 27, wherein:

the processor 1s further operable to (1) move the new zoom
point from 1ts present position to a new position on an
average zoom line and (11) change the relative size of the
displaved image while translating the new zoom point
along the average zoom line; and

the average zoom line corresponds to an average of the new
zoom point original zoom line and a new zoom point
zoom line, the new zoom point zoom line passing
through the new zoom point at its position prior to the
displaved image being enlarged, and extending between
the display area central point and the display area edge
point that 1s closest to the new zoom point.
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